herbivores because many plants defend themselves with toxins. Some animals can 1 6 learn to avoid food containing toxins not through its taste but by the toxins' effects 1 7 following ingestion, though how they do so remains unclear. We studied how desert an odour and toxic malaise, which could be separated by up to 30 minutes. Tasting but 2 5 not swallowing the food, or the temporal separation of odour and food, prevents the
INTRODUCTION 1 1
Neither of the two control groups showed a significant deviation from the naïve 2 1 2 preference (CS-only: 10 min, G 1 =0.41; 1 h, G 1 =0; 2 h, G 1 =0.41; 4 h, G 1 =0.10; 24 h, 2 1 3 G 1 =0.43; US-only: 10 min, G 1 =0.11; 1 h, G 1 =0.10; 2 h, 4 h, 24 h, G 1 =0; all P>0.50). The 2 1 4 odour preferences of both control groups were also unaffected by the time after conditioning at which they were tested ( Fig. 1B; for at least 24 h. Importantly, however, there was no detectable change in the locusts' 2 2 0 preferences 10 min after training, with the aversion to the CS increasing gradually over 2 2 1 the following 4 h. This slow accumulation of learning is consistent with a long-latency 2 2 2 mechanism of associative aversion. How is the observed gradual increase of aversion to the CS affected by the NHT 2 2 6 concentration in the US? To explore this, we trained locusts with a single associative 2 2 7 trial in which vanilla, the CS, was paired with blank diet containing 0, 1, 5, 10, 20 or 2 2 8 50% NHT per dry weight as US (Fig. 1C) . Only locusts that ingested the US during 2 2 9 training were included in the analysis and no differences between the different NHT The proportion of locusts that chose lemon odour over the CS in the Y-maze increased with higher NHT concentrations in the diet (Fig. 1D) . After 1 or 4 h, this locusts trained with the blank diet, the 5% NHT-trained locusts showed significant higher preference for lemon irrespective of the time at which they were tested (10 min: NHT showed a significant increase in the preference for lemon odour with time (10% 2 4 6 NHT: G 2 =9.47; 20% NHT: G 2 =8.57; 50% NHT: G 2 =6.99; all P<0.03). In all three 2 4 7 treatments, locusts tested 10 min after training always showed the lowest preference for lemon, whereas those tested after 4 h showed the highest (Fig. 1D) . Thus, inputs are sufficient for the formation of a delayed aversive memory without the contact chemoreceptors that respond to several chemical classes (Blaney, 1974) .
The locusts were injected with NHT solution during or 15 minutes after the that of a second group of locusts that had also tasted the US during the CS onset but 3 4 8
had not been injected with NHT solution (Fig. 3A) . NHT injection given during 3food is simultaneous with the CS onset. Effect of exposure to a second odour on the post-ingestive mechanism for odour One problem that may conceivably arise with long-latency associative mechanisms is if temporally coincides with the onset of the toxic effects. We have shown that desert locusts can learn to associate an odour with food In the absence of feeding, locusts presented with an odour learned to associate The ability to learn associations over an extended period raises the possibility NHT. Remarkably, however, a second odour interposed between the co-presentation 
